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Abstract 
The main results of a population genetic investigation in the Bodrogköz area (North-east Hungary) are 
reported. Due to geographical factors, the population of this area was divided for a long time into a number 
of subpopulations, among which only restricted gene flow could take place. This could be proved by the 
sociodemographic analysis of parish registers, which ars available sincc 1748 The allele and haplotypc 
frequencies, respectively, of ten polymorphic blood group and scrum group systems could be analyzed in a 
tolal of 1324 individuals from 15 villages of the Bodrogköz area. The variability of all these frequencies is 
considerable. The reasons for this are seen to reside in the fact, thai due to the reslricled gene flow within the 
Bodrogköz area, ihe results of locally acting genetic differentiation processes could be preserved up to the 
present time. This demonstrates the importance of Ihe geographical isolation of human populations even in 
small, limited areas as an important factor for genetic differentiation, and thus for the understanding of 
microevolutionary processes in man. 
Key words- Bodrogköz area (North-east Hungary), geographical isolation, variability of genetic 
markers. 
Introduction 
In 1965 and 1966, JANOS NEMESKERI (1914-1989) and myself analyzed the 
regional variability of various genetic markers of Ihe blood in the Bodrogkoz area. 
North-east Hungary. This area was selected for our studies for the following reasons: 
Until the beginning of this century, the Bodrogkoz area, located in the north-eastern 
part of Hungary between the rivers Bodrog and Tisza, was a rather swampy area and the 
present villages were islands. Contacts between the populations of these islands were 
difficult and only possible by boat. These conditions resulted without doubt in a more 
or less strong limitation of marriages between the members of these geographically 
isolated populations, and thus also in restricted gene flow within this area. A 
considerable genetic heterogeneity could therefore be expected within the entire 
Bodrogkoz population. 
For several reasons, only parts of the results of this study have so fat been 
published ( W A L T E R et al., 1965; NEMESKERI and W A L T E R , 1966; W A L T E R and 
NEMESKERI , 1967, 1969, 1972; W A L T E R et al., 1968). In the following, the whole set of 
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gene frequencies obtained in this study will be reported for the first time and briefly 
discussed. A detailed statistical analysis of the Bodrogköz data, which will also consider 
the results of the extensive population genetic studies in other regions of Hungary, 
conducted by CZEIZEL et al. (1991), is in progress and will be published elsewhere. 
Materials and methods 
In 1965 and 1966, blood samples were taken from a total of 1324 male and female individuals living 
in 15 different Bodrogköz villages, namely Bodroghalom, Cigánd, Oámóc, Karcsa, Karos, Kenézlö, 
Kisrozvágy, Láca-Cséke, Nagyrozvágy, Pacin, Révleányvár, Ricse. Semjén, Tiszakarád and Zemplénagárd 
Figure I shows the locations of ihese villages in ihe Bodrogköz area. The blood group systems ABO, VINS. 
Rhesus. P. Kell and Duffy were lypcd in the laboratory of the hospital in Sátoraljaújhely The sera of these 
individuals were decanted and transported to the Institute of Anthropology of lhe University of Mainz (I was 
working there al lhal time), where the serum protein groups IIP, GC, GM and KM were tested. For several 
reasons, it was nol possible, however, to type all the individuals for all the polymorphic blood group and 
serum protein group systems understudy. 
Results and discussion 
Tables 1-6 show the distributions of ABO, MNS, Rhesus, P, Kell, Duffy, HP, GC, 
GM and KM allele and haplotype frequencies in the fifteen Bodrogköz subpopulations. 
It is apparent from these Tables that within the Bodrogköz area these frequencies are 
not distributed uniformly, but display more or less considerable distribution differences, 
thereby indicating a clear genetic heterogeneity within the entire population of this area. 
This heterogeneity can be explained by considering the population history of the 
Bodrogköz area. 
According to historical sources, the settlement of the Bodrogköz area started about 
1000 years ago. The first settlers of this area belonged among the Proto-Hungarian 
groups, who originated in the Middle Volga-Oka-Karma region, from where, from the 
end of the Bronze Period, they moved towards the west and reached the Don-Donets 
area between the 4th and 5th centuries. They mixed with Proto-Turkish elements. 
Between the 6th and 8th centuries A.D., the majority of these Proto-Hungarian groups 
moved further west and reached the Dniester-Dnieper area. In the 8th century A.D., the 
first waves arrived in the Carpathian Basin. In the 9th and 10th centuries A.D., most of 
these Proto-Hungarians came to the eastern regions of present-day Hungary, which 
includes the Bodrogköz area. A not inconsiderable proportion of these immigrants 
stayed here, and split up into many settlements on the islands present at that time. After 
this settlement, no significant further immigration took place into the Bodrogköz area, 
though of course some gene flow from outside cannot be excluded. Hence, the gene 
pool of the entire Bodrogköz population has not been affected significantly by 
secondary population movements. Due to the special geographical conditions of the 
Bodrogköz area, the various subpopulations remained more or less isolated from each 
other, even after Ihe drainage of the Bodrogköz this century. A break up of this isolation 
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has been observed lo some extent since 1945, due to the changed sociological 
conditions in Hungary, and also due to the economic development of the Bodrogköz 
area. 
Table I. Distribution of A I A 2 B 0 allele frequencies in the Bodrogköz area 
Population n ABO'A 1 Alio'A 2 ABO'B AB 0*0 
Bodroghaloni 77 0.246 0.064 0.156 0.534 
Cigánd 162 0.234 0.067 0.121 0.578 
Dámóc 101 0.213 0.044 0.160 0.583 
Karcsa 133 0.235 0.079 0.215 0.471 
Karos 26 0.266 0.083 0.039 0.612 
Kenézlö 60 0.207 0.021 0.127 0.645 
Kisrozvágy 51 0.321 0.075 0 0 7 9 0.525 
I.áca-Cséke 27 0.323 0.086 0.1.34 0.457 
Nagyrozvágy 119 0.140 0.077 0.169 0.614 
Pác in 160 0.222 0.093 0.124 0.561 
Révlcányvár 96 0.260 0.082 0.172 0.486 
Ricse 84 0.276 0.052 0.183 0.489 
Scnijén 68 0.223 0.170 0.151 0.456 
Tiszakarád 83 0.249 0.094 0.122 0.535 
Zemplénagárd 77 0.267 0.076 0.128 0.529 
Total 1324 0.234 0.076 0.146 0.544 
Table 2. Distribution of MNSs haplotype frequencies in the Bodrogköz area. 
Population il MNS*MS MNS'Ms MNS'NS MNS'Ns 
Bodroghalom 77 0.325 0.337 0.117 0.221 
Cigánd 162 0.294 0.333 0.116 0.257 
Dámóc 101 0.257 0.317 0.198 0.228 
Karcsa 133 0.274 0.256 0.126 0.344 
Karos 26 0.314 0.186 0.066 0.434 
Kenézlö 60 0.241 0.318 0 0 5 2 0.389 
Kisrozvágy 51 0.316 0.263 0.124 0.297 
I.áca-Cséke 27 0.250 0.324 0.102 0.324 
Nagyrozvagy 119 0.208 0.356 0.131 0.305 
Pác in 160 0.302 0.310 0 146 0.242 
Révleányvár 96 0.173 0.410 0 0 7 7 0 340 
Ricse 84 0.246 0.278 0.158 0.318 
Semjén 68 0.294 0.243 0.042 0.421 
Tiszakarád 83 0.209 0.400 0.096 0.295 
Zemplénagárd 77 0.234 0.363 0.122 0.281 
Totál 1324 0.257 0.325 0.116 0.302 
On the basis of parish registers, it was possible to examine the isolation of the 
Bodrogköz subpopulations from 1748 up to the present day, by analyzing the marriage 
connections between the various villages in this area. The results of these 
sociodemographic studies have been reported in detail by NEMESKÉRI and W A L T E R 
(1966) and W A L T E R and NEMESKÉRI (1972). It could be shown that between 1748 and 
1779 most of the Bodrogköz subpopulations had no marriage contacts with one another. 
One can assume that such lack of contacts also existed in previous times and were 
probably even more marked. In the course of the 19th century, the intensity of marriage 
connections between the various Bodrogköz subpopulations increased somewhat. For 
Cigánd, for example, marriage data are available for 1600 persons for the period 1800-
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I960. In 76.6% of all marriages, bolh partners came from Cigánd. In 12.8%, one 
partner came from another Bodrogköz village, especially from Tiszakarád (5.3%), 
Ricse (1.4%) and Pacin (0.7%). The names of the other Bodrogköz villages are not 
mentioned. However, it is to be seen from the parish registers that those partners were 
surely of Bodrogköz origin. In 10.6%, the marriage partner came from a non-
Bodrogköz place. Similar results were obtained concerning the other Bodrogköz 
villages; for details, see NEMESKÉRI and WALTER (1966). In general, it can be stated 
that most of them were characterized by a relatively high degree of endogamy, which in 
villages like Tiszakarád, Cigánd, Ricse, Révleányvár, Zemplénagárd and Karcsa 
amounted to more than 50%. In the 20th century, the number of intervillage exogamous 
marriages has increased more and more, whilst the degree of endogamy has decreased 
accordingly. Though it can be supposed that within the Bodrogköz area the gene flow 
was more or less restricted for a long time, there is no indication for the assumption of a 
strong genetic isolation of the Bodrogköz subpopulations. In spite of the 
disadvantageous geographical conditions, therefore, the various subpopulations did not 
develop into true isolate populations, which were genetically completely isolated from 
each other. 
Tuhle 3 Distribution of Rhesus haplotype frequencies in the Bodrogköz area. 
Population n •nl *<•</£• *cDe •G/e? 'cm; •cDi; 
Bodroghalom 77 0 494 0.041 0.000 0.000 0.348 0.000 0.1 17 
Cigánd 162 0.416 0.108 0.000 0.016 0.256 0.015 0.189 
Dántóe 101 0.479 0.001 0.010 0.011 0.356 0.000 0.083 
Karcsa 133 0 409 0.060 0.000 0.021 0.346 0.018 0.146 
Karos 25 0.265 0.000 0.000 0.000 0.560 o.ooo 0.175 
Kenézlö 60 0 3 8 8 0.024 0.021 0.045 0.393 0.015 0.114 
Kisrozvágy 50 0.435 0.041 0.000 0.019 0.330 0.000 0.175 
1 .áca-Csékc 27 0 416 0.000 0.000 0.000 0 4 4 4 0.000 0 140 
Nagyrozvágy 119 0.327 0.026 0.026 0.023 0.414 0.009 0.175 
Pácin 160 0.356 0.001 0.010 0.010 0.481 0.000 0.142 
Révleányvár 96 0 4 6 4 0.012 0 0 0 0 0.000 0.426 0.000 0.098 
Ricse 84 0.404 0.012 0.012 0.012 (1.460 0 000 0.100 
Semjén 68 0.443 0.033 0.000 0.000 0.431 0.000 0.093 
Tiszakarád 83 0.286 0.090 0,000 0.076 0.398 0.000 0.150 
Zemplénagárd 77 0.331 0.000 0.000 0 058 0.494 0.000 0.1 17 
Tolal 1322 0.398 0.034 0.006 0.025 0.396 0 00! 0.138 
The geographical peculiarities of the Bodrogköz area led us to expect that within 
this area the distribution of gene frequencies would not be homogenous, but would 
display more or less marked differences between the various subpopulations living here. 
This expectation proved to be correct, as appears from the figures presented in Tables 
1-6. Without going into details here, it can be pointed out that, as concerns the allele 
and haplotype frequencies of all ten polymorphic blood group and serum protein group 
systems under study, a considerable distribution inhomogeneity is to be observed within 
the Bodrogköz population, which is statistically highly significant. The reasons for this 
can be presumed to lie in the effects of locally acting genetic differentiation processes. 
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which could be preserved because of the geographically caused restricted gene flow 
between the various Bodrogköz subpopulations. 
Table 4. Distribulion of P. Kell and Duffy allele frequencies in the Bodrogkoz area. 
Population n P'p n KEL * K KEL'k n FY* A FY'H 
Bodroghalom 77 0.219 0.781 73 0.034 0.966 73 0.380 0.620 
Cigánd 162 0.324 0.676 13 0.000 1.000 13 0.379 0.621 
Dámoc 101 0.325 0.675 100 0.089 0.911 100 0.392 0.608 
Karcsa 133 0.317 0.683 III 0.051 0.949 10 1.000 0.000 
Karos 25 0.337 0.663 19 0.082 0.918 19 0.438 0.562 
Kenézlö 60 0.305 0.695 60 0.025 0.975 60 0.317 0.683 
Kisrozvágy 51 0.343 0.657 11 0.046 0.954 11 0.325 0.675 
I.áca-Cséke 27 0,392 0.608 24 0.021 0.979 24 0.293 0.707 
Nagyrozvágy 119 0.413 0.587 7 0.000 1.000 7 0.244 0.756 
Pacin 160 0.334 0.666 136 0.041 0.959 136 0.515 0.485 
Révleányvár 96 0.229 0.771 95 0.099 0.901 95 0.343 0.657 
Ricse 84 0.236 0.764 75 0.020 0.980 75 0.327 0.683 
Scmjén 68 0.293 0.707 57 0.063 0.937 57 0.351 0 649 
Tiszakarád 83 0.440 0.560 79 0.026 0.974 79 0.374 0.626 
Zemplénagárd 77 0.386 0.614 76 0.082 0.918 76 0.449 0.551 
Totál 1322 0.322 0.678 835 0.053 0.947 835 0.391 0.609 
Table 5. Distribution of IIP and GC allele frequencies in the Bodrogkoz area. 
Population n / / / ' • / lir*2 n GC'I GC*2 
Bodroghalom 77 0.460 0.540 77 0.617 0.383 
Cigánd 162 0.305 0.695 162 0.744 0.256 
Dámóc 88 0.375 0.625 89 0.512 0.488 
Karcsa 131 0.332 0.668 131 0.729 0.271 
Karos 25 0.500 0.500 25 0.860 0.140 
Kenézlö 60 0.342 0.658 60 0.734 0.266 
Kisrozvágy 50 0.320 0.680 49 0.612 0.388 
I.áca-Cséke 25 0.400 0.600 25 0.800 0.200 
Nagyrozvágy 118 0.355 0.645 118 0.674 0.326 
Pácin 158 0.351 0.649 157 0.761 0.239 
Révleányvár 96 0.396 0.604 83 0.558 0.442 
Ricse 83 0.313 0.687 83 0.585 0.415 
Scmjén 67 0.305 0.695 67 0.702 0.298 
Tiszakarád 83 0.361 0.639 81 0.612 0.388 
Zemplénagárd 76 0.480 0.520 75 0.673 0.327 
Totál 1299 0.361 0.639 1294 0.674 0.326 
Of particular interest is the distribution of GM alleles in the Bodrogköz 
subpopulations. With one exception, all of them are characterized by the presence of 
only three GM alleles, namely GM*1, GM*1,2 and GM*5, which are distributed in 
different frequencies. In one of the Bodrogköz subpopulations, however, in Pacin, il 
was not possible to explain the five observed GM phenotype frequencies GM (1,2,5), 
GM (1,-2,5), GM (1,2-5), GM (1,-2,-5) and GM (-1,-2,5) by assuming the three GM 
alleles mentioned above, but only by assumption of an additional allele: GM*1,5. This 
allele is quite uncommon among Europoid populations, but rather frequenl among 
Mongoloids. To explain the existence of this GM allele in the Pacin subpopulation, two 
hypotheses are presented: I) The GM*!.5 allele was brought by the settlers and could 
be traced to a Mongoloid admixture. This is probable, if one takes into consideration the 
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geographical origin of the Bodrogköz population. Due to the restricted marriage 
relationships of the Pacin subpopulation with other Bodrogköz subpopulations this 
allele could not diffuse and thus it would have been limited 10 the Pacin subpopulation. 
2) The GM*I,5 allele came into existence after the settlement, possibly through 
mutation or crossing-over. Unfortunately, at the time of our Bodrogköz study it was not 
possible to type the whole set of the 18 different GM allotypes, so that further and more 
detailed statements concerning this striking observation are not possible. 
Table 't Distribution of GM and KM allele frequencies in the Bodrogköz area. 
Population n GM* 1 GM'1.2 GM' 1.5 GM'5 n KM* 1 
Mod rogha loin 71 0.154 0 043 0.000 0.803 72 0.072 
Cigánd 162 0.155 0.077 0.000 0.768 162 0.097 
Dámóc 72 0 1 18 0.028 0.000 0.854 79 0.045 
Karcsa 129 0.143 0.012 0.000 0.845 129 0.068 
Karos 24 0.041 0.042 0.000 0.917 24 0.087 
Kenézlö 56 0.122 0.155 0.000 0.723 56 0.036 
Kisrozvágy 49 0.244 0.041 0.000 0 715 50 0.083 
l.áca-Cséke 21 0.095 0.000 o.ooo 0.905 21 0 (149 
Nagyrozvágy 16 0.173 0 035 0.000 0.792 117 0.062 
Pacin 136 0.071 0.101 0.095 0.733 145 0.083 
Révleányvár 81 0.135 0.013 0.000 0.852 88 0.035 
Riese 75 0.205 0 0 4 8 0.000 0.747 77 0.067 
Sémién 60 0.142 0.008 0.000 0.850 (.4 0.048 
Tiszakarád 76 0.138 0.040 0.000 0.822 77 0.074 
Zemplénagárd 66 0.158 0.062 0.000 0.780 08 0.045 
Total 1194 0.143 0.051 0.011 0.795 1229 0.067 
Though the genetic heterogeneity within the Bodrogköz area is evident, it is worth 
mentioning that the allele and haplotype frequencies, are not distributed randomly, but 
the genetic distances between the various subpopulations are clearly related to their 
geographical distances from each other (WAI .THR and NEMESKÉRI , 1972). Some 
examples will illustrate this. As concerns Semjén and the other 14 Bodrogköz villages, 
the rank correlation coefficient ( t) between genetic distances and geographic distances 
amounts to : = +0.40 (0.20>p>0.10), for Ricse and the other places, x = +0.35 
(0.30>p>0.20), and between Révleányvár and the other places, T = +0.52 
(0.10>p>0.05). This means that the smaller ihe geographical distance between two 
Bodrogköz villages, the smaller is the genetic distance between the respective 
subpopulations. It can be concluded from these observations that the genetic distances 
between the various Bodrogköz subpopulations are obviously correlated with the 
geographical distances between them. 
To sum up, it can be pointed out thai the distribution of genetic markers within the 
population of the Bodrogköz area is not homogeneous, but shows an obvious 
heterogeneity. The reason for this can be seen in a long-standing restriction of an 
unhindered gene flow within this area, caused by the specific geographic conditions of 
the Bodrogköz area. This resulted in restricted marriage contacts between the different 
Bodrogköz subpopulations and prevented a complete genetic intermixture of the entire 
Bodrogköz population. Hence, the local differences observed in the distribution patterns 
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of the genetic markers under study, caused by locally acting genetic differentiation 
factors, could be preserved up lo the present time. However, the allele and haplotype 
frequencies are not distributed randomly in the Bodrogköz area. The genetic distances 
between the various subpopulations are clearly positively correlated with the 
geographical distances between them. This means that in general the genetic distances 
between the various Bodrogköz subpopulations are the smaller, the smaller the 
geographic distances between them. Altogether. Bodrogköz proved to be a good 
example for the understanding of genetic differentiation processes even in small, 
limited geographical regions, and thus for the understanding of microevolution in man. 
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